Hexanucleotide frequency database

William Bains 1
A database of the frequency of hexanucleotides observed in different categories of the EMBL public domain sequence database is described. A wide range of procedures in molecular biology could benefit from knowledge of the real, as opposed to the projected, frequency of oligonucleotides in the target genomic DNA or mRNA population. These include the design of primers and probes, the detection of reading frames and other genetic features. It is well known that the frequency n-mers are not equally represented in genomic DNA, or in mRNA derived from it (e.g. Claverie et al, 1986; Arnold et al, 1988; Nussinov, 1991; Bains, 1994) . The availablility of relatively large amounts of sequence information has enabled me to produce a table of the hexanucleotide frequencies that are actually found in the sequenced examples of specific gene types and genetic elements.
The sequences were extracted from the July 1994 CD-ROM release of the EMBL DNA sequence database. Sequence entries in the flat file database were analysed according to: (i) what species the sequence originated from, (ii) what type of sequence it was and (iii) the genetic element represented by the sections of that sequence. The 22 categories of 'genetic element' used are listed in Table I . The species categories are listed in Table II , together with the number of sequences and bases in each category. The breadth of these categories varies substantially, depending on the amount of sequence available, and is not meant to represent accurate taxonomy.
The data allow the relative frequency of oligonucleotides to be compared, and so identify sequences which are preferentially found in specific regions. The database includes a short QBASIC program to order the hexanucleotides according to their abundance in one class compared to another. Applications of such analysis include developing probes or primers for gene mapping that are targeted to promoters (Lander and Waterman, 1988; Fu et al, 1992) , primers that target 5' UTRs preferentially over coding regions for differential display (Liang and Pardee, 1992), designing probes for multiplex mutation detection (Bains, 1994) , modular primer design (Kotler et al, 1994) or sequencing by hybridization (Pevzner, 1989; Bains, 1991) . A number of other applications can be imagined.
The database and analytical program are available for ftp at the European Bioinformatics Institute (Emmett et al, 1994) at ftp.ebi.ac.uk/pub/software/dos/hexamers.
The author can also mail a compressed copy of the files to users who send a 1.4 Mb floppy disc. 
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